Thiobacillus ferrooxidans oxidizes ferrous iron to ferric iron with atmospheric oxygen: 4Fe2+ 02 + 4H+ --4Fe3+ + 2H20, an important reaction in the bacterial leaching of metals from sulfide ores (5, 10) . The product of oxidation, Fe3+, inhibits Fe2+ oxidation competitively (1) . Our recent work has demonstrated that Fe2+ oxidation by some T. ferrooxidans strains is also competitively inhibited by increasing concentrations of cells (8) .
We have now studied the effect of increasing cell concentrations on competitive inhibition of Fe2+ oxidation by Fe3+. The results agree with the concept that both Fe3+ and cells compete with Fe2+ for the Fe2+-binding site of Fe2+-oxidizing cells, but binding of one inhibitor does not exclude binding of the other, although the apparent inhibition constant for the latter increases with increasing concentrations of the former.
MATERIALS AND METHODS
Microorganism. The T. ferrooxidans strain used in this study, SM-4, was isolated from a sulfide ore mine site (4) and grown in a medium with FeSO4. 7H20 (33.3 g/liter) as described previously (4, 6) .
Ferrous-iron-oxidizing activity. The rate of Fe2+ oxidation was determined by measuring the rate of 02 consumption at 25°C in a Gilson oxygraph with a Clarke electrode. The reaction was performed in growth medium containing the following minus FeSO4 7H20: 0.4 g of (NH4)SO4, 0.1 g of K2HPO4, and 0. Fig. 2 showed that the slope increased with the reciprocal of the cell concentrations (Fig. 2, inset (Fig. 5, inset) should intersect the y axis at {KmI(k3' Kj')} and the x axis at (-otK,f). The secondary replot of y intercepts (Fig. 5, inset) should intersect the y axis at (Km/k3') and the x axis at (-Kgf).
The rate and kinetic constants obtained from the results are shown in Table 1 . An a value larger than 1 indicates that binding of one inhibitor decreases the binding constant of the other inhibitor (7), i.e., increases the apparent inhibition constant. This is evident in Fig. 2 Table 1 .
When the specific activity or rate (v p) was used, inhibition by either Fe3" or cells was greater when the other inhibitor concentration, [C] or [Fe3+] , was higher; i.e., there was a synergistic inhibition effect (Fig. 6 and 7) .
DISCUSSION
There are complex interactions during Fe2" oxidation by T. ferrooxidans among the cells as the Fe2"-oxidizing catalyst, Fe2+ as the substrate, Fe3+ as the product of oxidation and a competitive inhibitor of Fe2+ oxidation, and also the cells as a competitive inhibitor of Fe2+ oxidation. These interactions should affect the rate of bacterial leaching of sulfide minerals in addition to other factors, such as the air supply, nutrients, temperature, pH, and toxic metals. 
